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Anti-fouling coating compositions. 

This invention is concerned with anti-fouling 
coating compositions. Anti-fouling coatings are used on 
surfaces likely to come into contact with marine fouling 
organisms such as algae , seaweed and barnacles, for 
example on ships or boats or on the outfalls for water 
from power stations. Such coating compositions generally 
comprise a biocide for marine organisms and a binder 
polymer . 

The most successful anti-fouling paints in recent 
years have been self -polishing anti-fouling paints using 
binders which are hydrolysable polymers containing 
pendant side groups which are liberated from the polymer 
by reaction with seawater, the residual polymer being 
sufficiently dispersible or soluble in seawater to be 
swept away from the paint surface, exposing a fresh layer 
of the binder able to undergo a similar reaction with 
seawater. Such paints are described for example in 
British Patent 1,457,590. The well-known benefits of 
such self-polishing paints are that the paint film tends 
to at lea,st retain its initial smoothness and that the 
biocide contained in the paint is delivered from the 
surface at a more uniform or constant rate. 

The only commercially significant self-polishing 
paints employ binders which contain triorganotin ester 
groups. The triorganotin provides some of the biocidal 
action of the paint and the triorganotin ester readily 
undergoes the hydrolysis on which the self-polishing 
action is dependent. The biocidal activity can be 
augmented by other anti-fouling substances dispersed or 
dissolved in the paint film. There may be advantages in 
using other hydrolysable groups, which are not 
necessarily biocidal, in place of triorganotin, both for 
cost reasons and because the powerful biocidal effects of 
triorganotin may not be desired. There has been concern 
about the environmental effect of triorganotin biocides 
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released from yachts in particular. 

International Patent Application WO84/02915 dis- 
closes an anti-fouling paint having a hydrolysable film- 
forming water-insoluble seawater-erodible polymeric 
binder having recurring groups represented by the formula 



X 
I 

CHo C 



I 

c = o 

I 

O - R 

where x is hydrogen or methyl and R is a substituted 
alkyl, aryl, aralkyl or triorganosilyl moiety and B is 
the residue of an ethylenically unsaturated comonomer, 
WO84/02915 describes a wide range of groups R, such as 
benzyl, aminoalkyl, haloalkyl and trialkylsilyl groups. 
Other self-polishing copolymer paints which release non- 

biocidal moieties are described in EP-B-69559 and EP-A- 
232006. 

US Patent 4,818,797 describes new quaternary 
ammonium salts of polyacrylates to prevent accumulation 
or attachment of marine organisms on ships' hulls. 

GB Patent 1,482,252 describes polymers made by 
polymerising amine salts or quaternary ammonium salts of 
acrylamidoalkane sulphonic acids. The polymers are 
useful in rust-preventive coatings, dispersants and 
viscosity modifiers. 

An anti-fouling coating composition according to 
the invention comprises a marine biocide and a binder 
which is a hydrolysable film-forming seawater-erodible 
polymer, characterised in that the polymer contains 
sulphonic acid groups in quaternary ammonium salt form. 

The polymer used as binder is preferably prepared 
by reaction of a polymer containing sulphonic acid or 
salt groups with a quaternary ammonium hydroxide or salt. 
The polymer used as binder can alternatively be prepared 
by polymerisation of a quaternary ammonium salt of an 
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ethylenically unsaturated sulphonic acid. As a further 
possibility, the quaternary ammonium moiety may be 
introduced by reaction of a sulphonate ester, for 
example, a methyl ester, with a tertiary amine. The 
sulphonate ester may be in monomeric or polymeric form. 
If the ester is in monomeric form, the resulting quater- 
nary ammonium sulphonate monomer is then polymerised to 
form a polymeric binder for use according to the 
invention. 

The binder polymer is preferably a linear addition 
copolymer containing the sulphonic acid salt 
functionality in groups pendant to the polymer backbone. 

Examples of monomers which can be used in preparing 
a sulphonic acid functional copolymer are styrene 
sulphonic acid and, preferably, aliphatic sulphonic acid 
monomers such as 2-acrylamido-2-methyl-propane sulphonic 
acid (AMPS), vinyl sulphonic acid, methallyl sulphonic 
acid, propenesulphonic acid or 2-sulphoethyl methy- 
acrylate. Particular mention may be made of non-aromatic 
sulphonic acid monomers, and of aromatic sulphonic acid 
monomers other than styrene sulphonic acid. 

Preferably, the equivalent weight of the polymer 
calculated as free sulphonic acid groups is in the range 
of from 600 to 4000, and is more especially in the range 
of from 900 to 2000. 

The copolymer generally contains 3 to 30% by weight 
of the sulphonic acid monomer (more especially at least 
5% by weight) to give the preferred equivalent weight of 
600 to 4000, advantageously 10 to 20% by weight sulphonic 
acid monomer to give an equivalent weight of 900 to 2000. 

Advantageously, the proportion of quaternary 
ammonium sulphonate monomer in the binder polymer 
according to the invention is in the range of from 3 to 
30 mol %, for example, from 5 to 30 mol %. Particular 
mention may be made of polymers having a quaternary 
ammonium sulphonate monomer content of less than 12.5 mol 
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% (e.g. 12 mol % or less) and also those where the 
quaternary ammonium sulphonate monomer content is above 
15 rool % (e.g. 15.5 mol % or greater). 

A sulphonic acid monomer is advantageously copoly- 
merised with an ethylenically unsaturated comonomer f 
which may be an aliphatic comonomer, for example an 
acrylic ester or amide such as methyl acrylate, methyl 
methacrylate, ethyl acrylate, butyl acrylate or 2- 
ethylhexyl methacrylate , methoxyethyl acrylate, acrylo- 
nitrile, vinyl acetate, vinyl butyrate, or vinyl 
chloride. Alternatively, styrene or vinyl pyridine may 
be used as a comonomer. Two or more comonomers may be 
used as desired. For example, a sulphonic acid monomer 
may be copolymerised with methyl methacrylate and butyl 
acrylate, or with ethyl methacrylate and methoxyethyl 
acrylate . 

If the copolymer contains a relatively low propor- 
tion of sulphonic acid groups (for example, 5 mol % or 
less) it may also contain carboxylic acid groups * derived 
for example from acrylic or methacrylic acid, or groups 
which are hydrolysed by seawater to carboxylic acid or 
salt groups. 

Polymerisation of the sulphonic acid is preferably 
carried out in a polar organic solvent using a free 
radical initiator, for example an azo compound such as 
azobisisobutyronitrile or a peroxide such as benzoyl 
peroxide. The polar organic solvent can, for example, be 
a ketone such as methyl isobutyl ketone, methyl ethyl 
ketone or methyl isoamyl ketone, an ester such as butyl 
acetate, methoxy-propyl acetate or ethoxyethyl acetate, 
an alcohol such as butanol or an ether alcohol such as 
butoxyethanol . Mixtures of a polar organic solvent with 
a hydrocarbon, for example an aromatic hydrocarbon such 
as xylene, can be used. The sulphonic acid can be 
polymerised in free acid or salt form. 

The number average molecular weight Mn of the 
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sulphonic acid copolymer is generally in the range 1,000 
to 50,000. Most preferably the Mn is 5,000 to 50,000 but 
oligomeric copolymers of Mn for example 1,000 to 5,000 
can be used in high solids systems. 

The weight average molecular weight of the sulphonic 
acid copolymer is generally in the range of from 1000 to 
200 000, more especially at least 1500, and is preferably 
in the range of from 5000 to 60 000. 

The molecular weight can be controlled by the amount 
of initiator used and if desired by the use of a chain 
transfer agent. 

If the sulphonic monomer has very limited solubility 
in organic solvents, for example if it is AMPS, polymeri- 
sation can be carried out in water, but it is preferred 
to form a monomeric quaternary ammonium salt and to 
copolymerise this in a polar organic solvent. 

Alternative sulphonic acid polymers are telechelic 
polymers which can be prepared for example by reacting 
telechelic amine-f unctional polymers with an ethyleni- 
cally unsaturated sulphonic acid such as AMPS by Michael 
addition . 

The quaternary ammonium salt groups can be formed by 
reaction of a polymer containing sulphonic acid or salt 
groups with a quaternary ammonium hydroxide or salt such 
as a carbonate, bicarbonate or halide. For example, an 
alkali metal salt of a sulphonic acid functional polymer 
can be reacted with a quaternary ammonium salt formed 
from a tertiary amine and an alkylating agent such as an 
alkyl halide, preferably methyl bromide or methyl iodide. 
The reaction is preferably carried out in a polar organic 
solvent. Generally, it is preferred to use the same 
solvent as for polymerisation so that the reaction to 
form the quaternary ammonium salt can be carried out in a 
solution of the polymer as formed. The solvent is 
preferably such that the sulphonic acid polymer salt is 
soluble but the alkali metal halide formed is insoluble 
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and is precipitated. Alternatively , a sulphonic acid 
polymer in free acid form can be reacted with a quater- 
nary ammonium hydroxide, carbonate or bicarbonate. The 
equivalent ratio of sulphonic acid or salt groups to the 
quaternary ammonium compound is preferably in the range 
0.8 : 1 to 1.5 : l.; the reagents are preferably used in 
a stoichiometric amount or with a small excess of the 
quaternary ammonium compound. 

Where a polymer containing sulphonic acid groups in 
alkali metal salt form is used, it is preferably prepared 
by neutralisation of a polymer containing sulphonic acid 
groups with an alkali metal hydroxide, carbonate or 
bicarbonate. it can alternatively be prepared by 
copolymerisation of a monomeric sulphonic acid salt, for 
example sodium styrene sulphonate or AMPS sodium salt, 
with one or more comonomers selected from those listed 
above . 

A quaternary ammonium sulphonate monomer can be 
prepared by reaction of a sulphonic acid or salt with a 
quaternary ammonium hydroxide or salt using the reaction 
conditions described above for reaction of sulphonic 
acid or salt polymers. The quaternary ammonium 
sulphonate monomer is advantageously then copolymerised 
with one or more comonomers selected from those listed 
above. Generally, it is preferred to use the same 
solvent for preparation of the quaternary ammonium 
sulphonate polymer and for the subsequent polymerisation. 

Mention may be made of processes in which the 
quaternary ammonium sulphonate species is formed by a 
method which enables the co-production of other sul- 
phonate species (for example, tertiary ammonium salts), 
to be avoided. Examples of such methods include reaction 
of a metal sulphonate salt with a quaternary ammonium 
halide; reaction of a sulphonic acid with a quaternary 
ammonium hydroxide; and reaction of a sulphonate ester 
with a tertiary amine. The sulphonate salt, sulphonic 
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acid or sulphonate ester may be in momomeric form, and 
may be any such monomer as described herein. Alterna- 
tively , the sulphonate salt, sulphonic acid or sulphonate 
ester may be in polymeric form and may then be derived 
from any such monomer as aforesaid. 

The quaternary ammonium group can be a tetra-alkyl 
ammonium group such as tetra-methyl ammonium, tetra-ethyl 
ammonium or tri ethyl -methyl ammonium or it can contain 
one or more cycloalkyl, aryl or aralkyl groups. More 
generally, the organic groups in the quaternary ammonium 
moiety may be saturated or unsaturated, aliphatic, 
cycloaliphatic, aromatic, aliphatic-aromatic, or hetero- 
cyclic. 

The quaternary ammonium moiety preferably contains 
at least one organic group containing at least 3 carbon 
atoms, advantageously at least 8 carbon atoms and 
preferably from 8 to 25 carbon atoms (for example 8 to 20 
carbon atoms), and more especially from 12 to 25 carbon 
atoms. The polymers containing a relatively long chain 
quaternary ammonium group have a decreased rate of 
dissolution in seawater. Moreover, a long-chain quater- 
nary ammonium group released from the polymer has a more 
pronounced biocidal effect on marine organisms. Examples 
of such quaternary ammonium groups are dodecyl trimethyl 
ammonium, hexadecyl trimethyl ammonium, octadecyl 
trimethyl ammonium, oleyl trimethyl ammonium, benzyl 
dodecyl dimethyl ammonium, dodecyl dimethyl octyl 
ammonium or trioctyl methyl ammonium. Mixtures of 
quaternary ammonium groups can be used; for example an 
organic group having 8 to 20 carbon atoms can be derived 
from a naturally occurring material such as a natural 
fatty material. Examples of such mixed quaternary 
ammonium groups are trimethyl hydrogenated tallow 
ammonium, dimethyl di (hydrogenated tallow) ammonium or 
trimethyl coconut ammonium. The quaternary group can 
alternatively be derived from rosin, for example it can 
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be N,N,N-trimethyl derivative of the amine sold commer- 
cially as "Rosin Amine D", being mainly dehydroabietyl 
trimethy 1 ammonium . 

Advantageously, the total number of carbon atoms in 
the quaternary ammonium moiety is 8 or more, preferably 
12 or more (for example, from 12 to 25). 

In use on a ship in service, the ionic bond between 
the sulphonic acid group and the quaternary ammonium 
group is gradually dissociated in seawater, releasing the 
quaternary ammonium group, for example, in chloride form. 
The quaternary ammonium salts thus released, particularly 
those containing an organic group having 8 to 25 carbon 
atoms (for example, 8 to 20 carbon atoms) may have a 
biocidal effect against marine organisms. The residual 
polymer gradually becomes smoothly dissolved from the 
hull surface in service in seawater, so that a surface of 
fresh anti-fouling paint is continuously revealed. 

It will be appreciated that the term "hydrolysable" 
is used herein quite generally to refer to a reaction or 
interaction caused by exposure of the binder polymer to 
water (especially seawater), and is not intended to imply 
that the bond between the quaternary ammonium moiety in 
the binder polymer and the sulphonic acid moiety is other 
than primarily ionic in character. 

The marine biocide is preferably a sparingly soluble 
metalliferous pigment, particularly a copper or zinc 
compound. The seawater-erodible polymer of the invention 
can be mixed with pigment using conventional paint 
blending procedures to provide an anti-f ouling 
composition having a pigment volume concentration of, 
for example, 25 to 50%. The pigment preferably has a 
solubility in seawater of from 0.5 to 10 parts per 
million by weight, for example cuprous oxide, cuprous 
thiocyanate, zinc oxide, zinc ethylene bis(dithiocar- 
bamate), zinc dimethyl dithiocarbamate, zinc diethyl 
dithiocarbamate or cuprous ethylene bis ( dithiocarbamate ) . 



WO 91/09915 PCT/GB90/02019 

- 9 - 



These pigments produce water-soluble metal compounds on 
reaction with seawater so that the pigment particles do 
not survive at the paint surface. Mixtures of sparingly 
soluble pigments can be used. For example, cuprous 
oxide, cuprous thiocyanate or zinc ethylene bis(dithio- 
carbamate), which are highly effective biocidal pigments, 
can be mixed with zinc oxide, which is less effective as 
a biocide but dissolves slightly more rapidly in 



The anti-fouling composition can additionally 
contain pigment which is not reactive with seawater and 
may be highly insoluble in seawater (solublity below 0.5 
part per million by weight), such as titanium dioxide or 
ferric oxide or an organic pigment such as a phthalo- 
cyanine pigment. Such highly insoluble pigments are 
preferably used at less than 40% by weight of the total 
pigment content of the paint, most preferably less than 

20%. 

The anti-fouling composition can contain a non- 
metalliferous biocide for marine organisms, for example 
tetramethyl thiuram disulphide, methylene bis- 
( thiocyanate ) , captan, a substituted isothiazolone or 
2-methylthio-4-t-butylamino-6-cyclopropylamino-s- 



The invention also provides a process for the 
preparation of an anti-fouling coating composition which 
comprises a marine biocide and a binder which is a 
hydrolysable film-forming seawater-erodible polymer, the 
process comprising incorporating together the binder 
polymer and the biocide, where appropriate with a 
suitable solvent or diluent, characterised in that the 
polymer contains sulphonic acid groups in guaternary 
ammonium salt form. 

The proportion of the binder polymer in a coating 
composition of the invention may be in the range of from 
30 to 70% by weight, preferably from 35 to 50% by weight. 
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The proportion of the biocide (which is preferably a 
pigment) in a coating composition of the invention may be 
in the range of from 40 to 70% by weight, preferably from 
40 to 55% by weight. 

The proportion of solvent or diluent in a coating 
composition of the invention may be in the range of from 
0 to 30% by weight, preferably from 5 to 15% by weight. 

The anti-fouling composition of the invention can 
contain further components known for use in paints, for 
example plasticisers , thickening and anti-settling 
agents, auxiliary film-forming resins and stabilisers 
against heat or light. For certain uses, for example as 
an anti-fouling varnish for yachts, the coating 
composition may have a lower pigment volume concentration 
than that mentioned above or may contain substantially no 



A representative general formulation of an anti- 
fouling coating composition according to the invention is 
as follows: 

% by weight Preferred range 

Quaternary ammonium 

sulphonate polymer 30-70 35-50 

Biocide (preferably 

a pigment) 40-70 40 - 55 



Thixotrope(s) 0-2 1-1.5 

Colouring agent 0 - 10 Depends on colour 

Solvent or diluent 0 - 30 5 - 15 

The invention also provides a method for treating a 
surface which comprises applying to the surface a coating 
composition in accordance with the invention. An 
especially important use of the method of the invention 
comprises a process for inhibiting fouling of a ship's 
hull, which comprises applying to the hull an anti- 
fouling coating composition in accordance with the 
invention . 

A coating composition of the invention may be 
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applied to a surface by any suitable means , for example 
by brush, roller or airless spray techniques. 

The anti-f ouling composition of the invention is 
generally applied from a solution in an organic solvent. 
The solvent can for example be the same as that used to 
prepare the quaternary ammonium salt, optionally diluted 
for example with an aromatic hydrocarbon such as xylene, 
toluene or t rime thy Ibenzene. The paint may include an 
organic-solvent-soluble salt of a polyvalent metal, for 
example a long-chain carboxylate, as described in 
European Patent Application 89.310478 (EP-A-0 364 272). 
Such a metal salt is capable of undergoing a cross- 
linking reaction with the polymer binder to strengthen 
the coating and to control its rate of erosion. 

The following Examples illustrate the preparation of 
polymeric quaternary ammonium sulphonate salts for use in 
coating compositions according to the invention :- 

I- Preparation of Polymeric Quaternary Ammonium Sulph- 
onate Salts by Treatment of Polymeric Sulphonic Acid 
Esters with Tertiary Amine 



lift- Prepara tion of Monomer ic Sulphonic Acid Esters ; 

(i) In a 21 reaction vessel equipped with a stirrer, 
nitrogen inlet, thermometer and distillation arm, a 
slurry of 2-acrylamido-2-methylpropanesulphonic acid 
(621g), trimethyl orthbf ormate ( 853g) , and p-benzo- 
quinone (0.621 g) was maintained at 75-80 °C for 4% hours 
with the reaction by-products, methanol and methyl 
formate, being removed by distillation. The resulting 
clear, golden solution was concentrated at reduced 
pressure to about 1/3 its volume, cooled, and the 
precipitate collected by filtration. After washing 
with water and then petroleum ether ( 60-80 °c b.p.) the 
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solid was taken up in chloroform, dried with magnesium 
sulphate and the solution evaporated to give methyl 2- 
acrylamido-2-methylpropanesulphonate (358g, 54%) m.p. 

80. 6° C MONOMER 1. 

(ii) Following the general procedure of Siadat and Lenz, 
J.PQlyiE.ctei. .polym.Chenu Ed- ,l&, 3273 (1980), styrenesul- 
phonyl chloride (8.lg) was dissolved in anhydrous diethyl 
ether (75ml) and the solution cooled to -10 P C. To this 
was added methanol (1.5ml) and powdered potassium 
hydroxide (5.9g) over 10 minutes with vigorous stirring 
and the mixture was allowed to rise to room temperature 
over 4% hours. The resultant yellow-orange suspension 
was poured onto iced-water. This was extracted with 
ether and the extract washed with water, dried with 
magnesium sulphate and evaporated to give a yellow oil of 
methyl styrene sulphonate (4.3g, 54%) , MONOMER 2. 

Reparation of Polymeri c Sulphonic Acid Esters: 

The general procedure was as follows: 

Methyl isoamyl ketone (MIAK) (900 g) was introduced into 
a reaction vessel equipped with a stirrer, nitrogen 
inlet, thermometer, condenser, and feed inlet. The 
vessel was heated to 80 °c under an atmosphere of nitrogen 
and a solution of MONOMER 1 (300g 15 mol%), methyl 
methacrylate (362.1g, 40 mole%), butyl acrylate (521.4g, 
45 mole%), and azobis-isobutyronitrile (AIBN) polymerisa- 
tion initiator (78.1g) in MIAK (600g) was added over 2 
hours by means of a peristaltic pump. The reaction 
temperature was maintained at 80 Q c throughout the 
addition period and thereafter for a further 3% hours. 
The resulting solution, having a viscosity of 0.2 poise, 
was analysed by gel permeation chromatography (GPC) and 
the polymer, POLYMER l, was found to have Mn 5 008 and Mw 
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12 925 (relative to polystyrene standards )• 

The foregoing procedure was repeated with the materials 
and proportions as summarised in Table 1 to give polyme- 
ric sulphonic acid esters designated POLYMER 2-8. 
Butanethiol was used where indicated as chain transfer 
agent in order to control polymer molecular weight. 
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The following Examples 1 to 21 illustrate the 
preparation of polymeric quaternary ammonium sulphonate 
salts from the polymeric sulphonic acid esters designated 
POLYMERS 1 to 8 in Table 1. 

Example 1 . Cocodime thy 1 amine (58.0g) was added with 
stirring to POLYMER 1 solution (500g), prepared as 
described above . After 2 hours, infra-red spectroscopic 
analysis indicated that quantitative transformation of 
sulphonic acid ester to quaternary ammonium sulphonate 
salt had occurred, giving a MIAK solution of polymer of 
composition cocotrimethyl ammonium 2-acrylamido~2-methyl- 
propanesulphonate (15 mole%), methyl methacrylate (40 
mole%), and butyl acrylate (45 mole%). 

Example 2 , The procedure of Example 1 was repeated using 
POLYMER 1 solution (250g) and triethyl amine (12. 5g) to 
give a MIAK solution of polymer of composition triethyl- 
roethyl ammonium 2-acrylamido~2-methylpropanesulphonate ( 15 
mole%), methyl methacrylate (40 mole%), and butyl 
acrylate (45 mole%). 

Example 3 - The procedure of Example 1 was repeated using 
POLYMER 1 solution (250g) and tributylamine (22.8g) to 
give a MIAK solution of polymer of composition tributyl- 
methylammonium 2-acrylamido-2-methylpropanesulphonate ( 15 
mole%), methyl methacrylate (40 mole%), and butyl 
acrylate (45 mole%). 

Example 4 . The procedure of Example 1 was repeated using 
POLYMER 1 solution (250 g) and dimethylaminopropanol 
(12.7 g) to give a MIAK solution of polymer of composi- 
tion hydroxypropyltrimethylammonium 2-acrylamido-2- 
methylpropanesulphonate (15 mole%), methyl methacrylate 
(40 mole%), and butyl acrylate (45 mole%). 
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Example 5. The procedure of Example 1 was repeated using 
POLYMER 1 solution (250g) and tetradecyldimethylamine 
(29.7g) to give a MIAK solution of polymer of composition 
tetradecyltriroethylammoniuin 2-acrylamido-2-methylpropane- 
sulphonate (15 mole%), methyl methacrylate (40 mole%), 
and butyl acrylate (45 mole%). 

Example 6. The procedure of Example 1 was repeated 
using POLYMER 2 solution (200g) and triethylamine (7.3g) 
to give a MIAK solution of polymer of composition 
triethylmethylammonium 2-acrylamido-2-methylpropanesul- 
phonate (10 mole%), methyl methacrylate (45 mole%), and 
butyl acrylate (45 mole%). 

Example 7. The procedure of Example 1 was repeated 
using POLYMER 2 solution (200g) and cocodime thy 1 amine 
(16«9g) to give a MIAK solution of polymer of composition 
cocotrimethyl ammonium 2-acrylamido-2-methylpropanesul- 
phonate (10 mole%), methyl methacrylate (45 mole%), and 
butyl acrylate (45 mole%). 

Example 8. The procedure of Example l was repeated 
using POLYMER 3 solution (200g) and triethylamine (4.1g) 
to give a MIAK solution of polymer of composition 
tr i e thy lmethy lammonium 2 -aery 1 amido- 2 -raethy lpr opanesul - 
phonate (5 mole%), methyl methacrylate (50 mole%), and 
butyl acrylate (45 mole%). 

fiXfrmpte 9> The procedure of Example l was repeated 
using POLYMER 3 solution (200 g) and cocodimethyl amine 
(9.5 g) to give a MIAK solution of polymer of composition 
cocotrimethylammonium 2-acrylamido-2-methylpropanesul- 
phonate (5 mole%) / methyl methacrylate (50 mole%) , and 
butyl acrylate (45 mole %). 

Example jo. The procedure of Example 1 was repeated 



X. 
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using POLYMER 4 solution (200g) and tri ethyl amine (9.6g) 
to give a MIAK solution of polymer of composition 
triethylmethylammonium 2-acrylamido-2-methylpropanesul- 
phonate (15 mole%) and methyl methacrylate (85 mole%). 

Example 11 . The procedure of Example 1 was repeated 
using POLYMER 4 solution (200 g) and cocodimethylamine 
(22,3 g) to give a MIAK solution of polymer of composi- 
tion cocotrimethylammonium 2-acrylamido-2-raethylpropane- 
sulphonate (15 mole%) and methyl methacrylate (85 mole%). 

Example 12 . The procedure of Example l was repeated 
using POLYMER 5 solution (200g) and triethylamine (8.lg) 
to give a MIAK solution of polymer of composition 
triethylmethylammonium 2-acrylamido-2-methylpropanesul- 
phonate (15 mole%) and butyl acrylate (85 mole%). 

Example 13 . The procedure of Example 1 was repeated 
using POLYMER 5 solution (200g) and cocodimethylamine 
(18.8 g) to give a MIAK solution of polymer of composi- 
tion cocotrimethylammonium 2-acrylamido-2-methylpropane- 
sulphonate (15 mole%) and butyl acrylate (85 mole%). 

Example 14 . The procedure of Example 1 was repeated 
using POLYMER 6 solution (200 g) and triethylamine 
(16.1g) to give a MIAK solution of polymer of composition 
triethylmethylammonium 2-acrylamido-2-methylpropanesui- 
phonate (30 mole%), ethyl methacrylate (50 mole%), and 
methoxyethyl acrylate (20 mole%). 

Example 15 . The procedure of Example 1 was repeated 
using POLYMER 6 solution (200g) and cocodimethylamine 
(37. 3g) to give a MIAK solution of polymer of composition 
cocot rime thy lammonium 2-acrylamido-2-methylpropanesul- 
phonate (30 mole%), ethyl methacrylate (50 mole%), and 
methoxyethyl acrylate (20 mole%). 
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EsaHEle— L£- The procedure of Example 1 was repeated 
using POLYMER 7 solution (200g) and tri ethyl amine (I4.lg) 
to give a MIAK solution of polymer of composition 
triethylmethylammonium 2-acrylamido-2-methylpropanesul- 
phonate (25 mole%), ethyl methacrylate (65 mole%), and 
methoxyethyl acrylate (10 mole%). 

E2BlBBlg 17, The procedure of Example 1 was repeated 
using POLYMER 7 solution (200g) and cocodimethylamine 
(32-7g) to give a MIAK solution of polymer of composition 
cocotrimethyl ammonium 2-acrylamido-2-methylpropanesul- 
phonate (25 mole%) f ethyl methacrylate (65 mole%), and 
methoxyethyl acrylate (10 mole%). 

Esremplg is. The procedure of Example l was repeated 
using POLYMER 8 solution (200g) and triethylamine (8.1g) 
to give a MIAK solution of polymer of composition 
triethylmethylammonium styrenesulphonate (15 mole%), 
methyl methacrylate (40 roole%), and butyl acrylate (45 
mole% ) . 

.E^ampl^ 19. The procedure of Example l was repeated 
using POLYMER 8 solution (200g) and cocodimethylamine 
(18.8g) to give a MIAK solution of polymer of composition 
cocotrimethylammonium styrenesulphonate (15 mole%), 
methyl methacrylate (40 mole%) / and butyl acrylate (45 
mole%). 

Example 3Q« N,N,N' ,fi'-Tetramethylbutane-l , 4-diamine 
(8.9g) was added with stirring to POLYMER l solution (250 
g) . After 2 hours, infra-red spectroscopic analysis 
indicated that quantitative transformation had occurred 
to give the polymeric di-quaternary ammonium sulphonate 
salt. 



Example ?J,. HrN/H'/H'-Tetramethylethylenediamine (7.2g) 
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was added with stirring to POLYMER l solution (250g). 
After 2 hours , infra-red spectroscopic analysis indicated 
that quantitative transformation had occurred to give the 
polymeric di-quatemary ammonium sulphonate salt. 

II. Preparation of polymeric Quaternary Ammonium 
Sulphonate Salts by Polymerisation of Monomeric Quater- 
nary Ammonium Sulphonate Salts: 



II. A. Preparation of Monomeric Quaternary Ammonium 
Sulphonate Salts 



(i) Benzyloctyldimethylammonium bromide as a 50 

weight % ethanolic solution (183ml) was added to a 
solution of sodium styrenesulphonate (50g) in water. The 
resulting dense white precipitate was collected by 
filtration, washed with water, dried and recrystallised 
from toluene to give benzyloctyldimethylammonium styrene- 
sulphonate (85g, 81%) MONOMER 3. 

(ii) The foregoing procedure was repeated using a 
solution of sodium styrenesulphonate (5g) in water 

(500 ml) and cocobenzyldimethyl ammonium chloride ^s a 50 
weight % aqueous solution (14,8ml) to give cocobenzyl- 
dimethylammonium styrenesulphonate (9.3g, 79%) MONOMER 4, 
after recrystallisation from xylene. 

(iii) The foregoing procedure was repeated using a 
solution of sodium styrenesulphonate (13.2g) in water 
(250ml) and dime thy Idistearyl ammonium chloride as a 75 
weight % solution in isopropanol (50 g) to give dimethyl - 
distearylammonium styrenesulphonate (32.7g, 70%) MONOMER 
5 f after recrystallisation from xylene. 
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fiv) Cocodimethylamine (212.7g) was added drop- 

wise over 30 minutes to a stirred suspension of MONOMER l 

(200 g) in butanol (825.4 g) under an atmosphere of 
nitrogen gas. Infra-red spectroscopic analysis indicated 
quantitative conversion to cocotrimethylammonium 2- 
acrylamido— 2-methylpropanesulphonate, MONOMER 6. 

II. B Polymerisation of Monomeric Quaternary Ammonium 
Sulphonate Salts 

Example ?■?■ . in a reaction vessel equipped with a 
stxrrer, thermometer, nitrogen inlet, condenser, and feed 
inlet was placed MONOMER 3 (35.1 g 44.9 mole%) and methyl 
methacrylate (lO.Og, 55.1 mole%) dissolved in ethanol 
(80.0g). The solution was heated to 75 *C under an 
atmosphere of nitrogen gas and to this was added AIBN 
(0.9g) portion-wise over 10 minutes. The temperature was 
maintained at 75 *c for a further 3 hours by which time 
refractive index measurement indicated that polymerisa- 
tion was complete. According to infra-red and proton 
magnetic resonance spectroscopy, the resulting solution 
of the corresponding copolyraeric quaternary ammonium 

sulphonate salt was free from detectable vinyl function- 
ality. 

Example ?t . The procedure of Example 22 was repeated 
using MONOMER 3 (20.0g 20 mole%) and methyl methacrylate 
(22. 8g, 80 mole%) in ethanol (lOOg) and using AIBN 
(0.86g) to give a solution of the corresponding copoly- 
meric quaternary ammonium sulphonate salt. 

Example 24 . The orocedure o-e Fvannia o-> j j 



using MONOMER 3 (23.7 g, 17 mole%) , methyl methacrylate 
(20. 2g, 62 mole%), and butyl acrylate (8.6g, 21 mole%) in 
butanol (50g) and using AIBN (l.05g) to give a solution 
of the corresponding copolymeric quaternary ammonium 
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sulphonate salt. 

Example 25. The procedure of Example 22 was repeated 
using MONOMER 3 (56.09, 14 mole%) / methyl methacrylate 
(65.3g, 70.3 mole%), and butyl acrylate (18.7g, 15.7 
mole%) in butanol (140 g) and using AXBN (2.8g) to give a 
solution of the corresponding copolymeric quaternary 
ammonium sulphonate salt. 

■ 

Example 26. The procedure of Example 22 was repeated 
using MONOMER 3 (43. lg, 10.8 mole%), methyl methacrylate 
(67.59, 72.8 mole%), and butyl acrylate (19. 4g to 16.4 
mole %) in butanol (140g) and using AIBN (2.6g) to give a 
solution of the corresponding copolymeric quaternary 
ammonium sulphonate salt. 

Example 27. The procedure of Example 22 was repeated 
using MONOMER 3 (32.3g, 30 mole%) and styrene (18.2g, 70 
mole%) in butanol (60g) and using AIBN (l.oig) to give a 
solution of the corresponding copolymeric quaternary 
ammonium sulphonate salt. 

Example 3a. The procedure of Example 22 was repeated 
using MONOMER 4 (40.0g, 16.7 mole%) , methyl methacrylate 
(30.0g, 62.5 mole%), and butyl acrylate (I3.0g, 20.8 
mole%) in butanol (83g) and using AIBN (l*66g) to give a 
solution of the corresponding copolymeric quaternary 
ammonium sulphonate salt. 

Example 29- The procedure of Example 22 was repeated 
using MONOMER 4 (40.0g, 20 mole%) and styrene (34. 2g, 80 
mole%) in butanol (74. 2g) and using AIBN (0.74g) to give 
a solution of the corresponding copolymeric quaternary 
ammonium sulphonate salt. 

Example 30 - The procedure of Example 22 was repeated 
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using MONOMER 5 (I2.5g, 17111016%), methyl methacrylate 
(6.2g, 65 mole%), and butyl acrylate (2.7g, 21 mole%) in 
butanol (21.4g) and using AIBN (0.43g) to give a solution 
of the corresponding copolymeric guaternary ammonium 
sulphonate salt. 



fixappj^ The procedure of Example 22 was repeated 

using MONOMER 5 (15. Og, 25 mole%) and styrene (6.4g, 75 
mole%) in butanol (21.4g) and using AIBN (0.21g) to give 
a solution of the corresponding copolymeric quaternary 
ammonium sulphonate salt. 

fiSBZSBlS 32. The procedure of Example 22 was repeated 
using MONOMER 5 (16. Og, 17 mole%) and methyl methacrylate 
(10. 7g, 83 mole%) in butanol (26. 7g) and using AIBN 
(0.27g) to give a solution of the corresponding copoly- 
meric quaternary ammonium sulphonate salt. 

BBBBlg 33. Butanol (200g) was placed in a reaction 
vessel equipped with a stirrer, nitrogen inlet , ther- 
mometer, condenser, and feed inlet. The vessel was 
heated to 80*c under an atmosphere of nitrogen gas and a 
solution of MONOMER 6 in butanol as prepared above 
(368.8g, 15 mole%), methyl methacrylate (71. 8g, 40 
mole%), butyl acrylate (103. 3g, 45 mole%), and AIBN 
(5.3g) was added over 2 hours by means of a peristaltic 
pump. The reaction temperature was maintained at 80 °C 
throughout the addition period and thereafter for a 
further 3% hours. The resulting copolymeric quaternary 
ammonium sulphonate salt was found to be spectroscopical- 
ly indistinguishable from that obtained in Example 1. 

Formula tion Evatnp^ 

An anti-fouling composition in accordance with the 
invention has the following ingredients: 



WO 91/09915 



23 



PCT/GB90/02019 





wt % 


vpl % 


Binder polymer (any of Examples 1-33) 


41.0 


70.3 


Cuprous oxide (biocidal pigment) 


50. 0 


14.4 


Bentone 38 * 


0.9 


0.8 


Aerosil 200 ** 


0.5 


0.3 


Toluidine Red (colouring pigment) 


1.5 


1.8 


Methyl isoamyl ketone (solvent) 




12.4 




100.0 


100.0 



* Mineral clay supplied by Steetly Chemicals 
** Air floated silica supplied by Wacker 
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CLAIMS 

1. An anti-fouling coating composition which comprises 
a marine biocide and a binder which is a hydrolysable 
film-forming seawater-erodible polymer, characterised in 
that the polymer contains sulphonic acid groups in 
quaternary ammonium salt form. 

2. A composition as claimed in claim 1, wherein the 
quaternary ammonium sulphonate groups are pendant to the 
backbone of the binder polymer. 

3. A composition as claimed in claim 1 or claim 2, 
wherein the equivalent weight of the polymer, calculated 
as free sulphonic acid groups, is in the range of from 
600 to 4000, preferably at least 900, and more especially 
from 900 to 2000. 

4. A composition as claimed in any one of claims 1 to 

3, wherein the binder is based on a copolymer which 
contains from 3 to 30% by weight of sulphonic acid repeat 
units, advantageously at least 5% by weight, preferably 
at least 10% by weight, more especially from 10 to 20% by 
weight . 

5. A composition as claimed in any one of claims 1 to 

4, wherein the binder polymer comprises from 3 to 30 mole 
% of quaternary ammonium sulphonate repeat units, 
preferably at least 5 mole %. 

6. A composition as claimed in claim 5, wherein the 
binder polymer comprises (a) less than 12.5 mole % of 
quaternary ammonium sulphonate repeat units, or (b) more 
than 15 mole % of such units. 

7. A composition as claimed in any one of claims 1 to 
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6, wherein the binder is based on a sulphonic acid 
copolymer having a number average molecular weight in the 
range of from 1000 to 50000, preferably from 5000 to 
50000, 

8. A composition as claimed in any one of claims 1 to 

7, wherein the binder is based on a sulphonic acid 
copolymer having a weight average molecular weight in the 
range of from 1000 to 200 000 f preferably at least 1500, 
more especially from 5000 to 60000. 

9. A composition as claimed in any one of claims 1 to 

8, wherein the binder polymer is substantially free from 
sulphonate species other than quaternary ammonium 
sulphonate species. 

10. A composition as claimed in any one of claims 1 to 

9, wherein the binder polymer is based on sulphonic acid 
repeat units other than styrene sulphonic acid repeat 
units, preferably other than aromatic sulphonic acid 
repeat units. 

11. A composition as claimed in any one of claims 1 to 

10, wherein the quaternary ammonium moiety in the 
quaternary ammonium sulphonate comprises at least one 
organic group containing at least 3 carbon atoms, 
preferably at least 8 carbon atoms, especially up to 25 
carbon atoms, more especially from 12 to 25 carbon atoms. 

12. A composition as claimed in any one of claims 1 to 

11, wherein the total number of carbon atoms in the 
quaternary ammonium moiety is at least 8, preferably at 
least 12, and more especially up to 25. 

13. A composition as claimed in any one of claims 1 to 

12, wherein the proportion of the binder polymer is in 
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the range of from 30 to 70% by weight, preferably from 35 
to 50% by weight. 

14. A composition as claimed in any one of claims l to 

13, wherein the proportion of the biocide (which is 
preferably a pigment) is in the range of from 40 to 70% 
by weight, preferably from 40 to 55% by weight. 

15. A composition as claimed in any one of claims 1 to 

14, wherein the proportion of solvent or diluent is in 
the range of from 0 to 30% by weight, preferably from 5 
to 15% by weight. 

16. A process for the preparation of a coating composi- 
tion as defined in any one of claims l to 15, which 
comprises incorporating together the binder polymer and 

the biocide, where appropriate with a suitable solvent or 
diluent. 

17. A method for treating a surface which comprises 
applying to the surface a coating composition as defined 
in any one of claims 1 to 15. 

18. A process for inhibiting fouling of a ship's hull, 
which comprises applying to the hull a composition as 
defined in any one of claims l to 15. 
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